BACKGROUND: Care for patients with advanced heart failure (HF) has traditionally focused on managing HF alone; however, little is known about the prevalence and contribution of comorbidity to mortality among this population. We compared the impact of comorbidity on mortality in older adults with HF with high mortality risk and those with lower mortality risk, as defined by presence or absence of a prior hospitalization for HF, respectively. METHODS: This was a retrospective cohort study (2002) (2003) (2004) (2005) (2006) ) of 18,322 age-matched and gendermatched Medicare beneficiaries. We used the baseline year of 2002 to ascertain HF hospitalization history, in order to identify beneficiaries at either high or low risk of future HF mortality. We calculated the prevalence of 19 comorbidities and overall comorbidity burden, defined as a count of conditions, among both high and low risk beneficiaries, in 2002. Proportional hazards regressions were used to determine the effect of individual comorbidity and comorbidity burden on mortality between 2002 and 2006 among both groups. RESULTS: Most comorbidities were significantly more prevalent among hospitalized versus non-hospitalized beneficiaries; myocardial infarction, atrial fibrillation, kidney disease (CKD), chronic obstructive pulmonary disease (COPD), and hip fracture were more than twice as prevalent in the hospitalized group. Among hospitalized beneficiaries, myocardial infarction, diabetes, COPD, CKD, dementia, depression, hip fracture, stroke, colorectal cancer and lung cancer were each significantly associated with increased hazard of dying (hazard ratios [HRs]: 1.16-1.93), adjusting for age, gender and race. The mortality risk associated with most comorbidities was higher among non-hospitalized beneficiaries (HRs: 1.32-3.78). CONCLUSIONS: Comorbidity confers a significantly increased mortality risk even among older adults with an overall high mortality risk due to HF. Clinicians who routinely care for this population should consider the
INTRODUCTION
Heart failure (HF) is a serious progressive illness that is highly prevalent among older adults 1 . Care for patients with advanced HF has primarily centered around treating and managing the HF 2, 3 ; however, there is growing recognition of the need to consider comorbidity in treatment decision making 3 . Prior research has demonstrated the high prevalence of comorbidity among patients with HF overall 4 and its association with increased mortality [5] [6] [7] [8] . Less is known about the comorbidity profile of patients who survive to the advanced stages of HF and its contribution to mortality. While several comorbidities have been shown to increase the risk of mortality among patients with a range of HF severity [5] [6] [7] [8] , the effect of comorbidity on mortality among patients with advanced HF has not been characterized. In cancer, a disease with high prognostic certainty, the impact of comorbidity on mortality decreases as the cancer progresses to advanced stages and becomes the primary determinant of mortality [9] [10] [11] . Whether there is a similar decrease in the effect of comorbidity on mortality in the advanced stages of diseases with more variable and uncertain trajectories, such as HF, is unknown.
We used a Medicare database that identifies a wide range of chronic conditions to examine the relationship between comorbidity and mortality among subgroups of older adults with HF. Because this administrative database lacked physiologic markers to identify older adults with advanced HF, we used a history of HF hospitalization during 2002 to identify beneficiaries at high risk for future HF mortality. The purpose of the study was to 1) describe the prevalence of comorbidity and 2) examine the associations between comorbidity and mortality among older adults with HF with high mortality risk as compared to those with lower mortality risk.
METHODS

Design Overview
We conducted a retrospective longitudinal cohort study of Medicare beneficiaries with HF. Participants were selected from the Center for Medicare and Medicaid Services' Chronic Conditions Warehouse (CCW), a dataset containing beneficiary, assessment, and claims data for a 5% random sample of Medicare beneficiaries. The CCW includes 21 chronic condition variables updated annually indicating the presence of a condition as defined by evidence-based algorithms that specify 1) a minimum number and type of diagnoses/procedure codes, 2) occurring within a specific look-back period and 3) within certain care settings. 
Study Population
We began with all living CCW beneficiaries identified as having HF as of January 1st, 2001 (n=241,254). We excluded 1) beneficiaries age≤65 years (n=20,938) to ensure that all included beneficiaries were at least 65 years of age during the lookback period; 2) beneficiaries who received care outside traditional fee-for-service Medicare at any point between January 1st, 2000 and December 31st, 2006 (n=18,852) and 3) beneficiaries with missing data during the study period (n=334). The final sample included 201,130 Medicare beneficiaries with HF.
In the absence of physiologic measures to identify patients with advanced HF 12 , we used a single hospitalization for HF, identified as the primary discharge diagnosis, to identify beneficiaries at high risk for HF mortality. Considerable evidence points to the high mortality risk associated with hospitalization in this population [13] [14] [15] [16] [17] , which is driven by both the stage of HF and also by factors independent of HF status, such as preferences for treatment, access to care, and psychosocial support. In order to maximize the likelihood of identifying beneficiaries with an initial decompensation of their HF, we defined the hospitalized group as beneficiaries with a HF diagnosis and at least one HF hospitalization in 2002, but no HF hospitalizations in 2001. We matched hospitalized beneficiaries on the date of their live discharge from their first hospitalization for HF in 2002 to non-hospitalized beneficiaries -those who had not had a HF hospitalization as of that date. Once matched, beneficiaries in the non-hospitalized group retained their classification throughout the study period regardless of subsequent hospitalizations. We matched 1:1 according to age and gender. If there were multiple matches, one was chosen at random. This process resulted in a final study population of 9,166 matched pairs (n=18,322). Matched pairs were followed from their match date in 2002 until either death or censorship as of December 31st, 2006. Date of death was ascertained through the CMS Denominator File.
To validate the ability of hospitalization to identify beneficiaries in our study at higher risk of mortality, we calculated 1-year Kaplan-Meier (KM) survival curves for the matched population of hospitalized and non-hospitalized beneficiaries (n=18,332) (Appendix Fig. 2 ). At the end of one year, approximately 34% of the hospitalized beneficiaries had died, compared to only 10% of non-hospitalized beneficiaries. Using Cox regression analysis we found a large increase in mortality risk associated with hospitalization (HR: 3.04; p<0.0001). To address the concern that the HF hospitalization may represent complications from or the progression of a comorbidity, we compared 1-year KM survival curves (Appendix Fig. 3 ) within a subset of matched hospitalized and non-hospitalized beneficiaries who had no comorbidities (n=332) and found a similarly increased mortality risk with hospitalization (HR: 3.94; p<0.0001).
Chronic Condition Measures
We examined 19 cardiac (myocardial infarction, atrial fibrillation, and ischemic heart disease) and noncardiac (dementia, cataracts, chronic kidney disease [CKD], chronic obstructive pulmonary disease [COPD], diabetes, depression, glaucoma, hip/pelvic fracture, osteoporosis, rheumatoid arthritis/osteoarthritis [arthritis], stroke, and cancer [female breast, colorectal, prostate, lung, endometrial]) comorbidities 18 . We included in our analyses all conditions that met the respective algorithm criteria for identification by the baseline study year 2002. Because these are chronic conditions, we considered them to be present from the time they were identified through the study period.
We examined both individual comorbidities and comorbidity burden, defined as the count of individual conditions. We grouped beneficiaries according to the distribution of comorbidities in the study sample: ≤2, 3-4, and 5+ comorbidities.
Analysis
We used descriptive statistics to summarize demographic characteristics and number of comorbidities present among the hospitalized and non-hospitalized groups. Because of the matched pairs design, we compared the percentages of individual comorbidities at baseline in the two groups using McNemar's test for equality of paired data.
We conducted longitudinal survival analyses using Cox regression models to determine the association of both individual comorbidities and comorbidity burden with mortality. In the models that used matched data, the Lin and Wei 19 robust covariance matrix estimator was used to account for potential clustering induced by matching 19 . The proportional hazards assumption was tested in all regression models using the log-negative-log survival curve method.
We estimated the effect of comorbidity burden on mortality within the hospitalized and non-hospitalized groups in separate multivariable analyses adjusting for age, gender and race. We tested for the equality of the comorbidity burden hazard ratios for beneficiaries in each group by examining the entire cohort using a model that included an interaction term crossing comorbidity burden with hospitalization status.
We examined the effect of individual comorbidities on mortality within the hospitalized and non-hospitalized groups using the same approach as for comorbidity burden. Comorbidities significantly associated with mortality in either group were included in a second multivariable regression that also adjusted for the presence of other comorbidities. Finally, we calculated age-stratified median survival for specific combinations of comorbidities that were the most prevalent and conferred the highest mortality risk among hospitalized beneficiaries in the multivariable analyses. Statistical significance was set at P< 0.05 for twosided tests except for results reported in Table 2 for which a Bonferroni-corrected p-value of<0.003 was considered statistically significant. All analyses were performed using SAS® statistical software (Version 9.2, SAS Institute, Cary, North Carolina).
RESULTS
Hospitalized beneficiaries had a median age of 81 years (IQR: 75-86) and were predominantly female (59%) ( Table 1) . Because of the matched study design, these characteristics were similar for non-hospitalized beneficiaries. At baseline, 16.5% of non-hospitalized beneficiaries and 42% of hospitalized beneficiaries had 5+ comorbidities. Median survival was 1.9 (IQR: 0.54, 4.4) years for hospitalized beneficiaries and 4.6 (IQR: 1.9, >5) years for non-hospitalized beneficiaries.
The majority of individual comorbidities, both cardiac and noncardiac, were significantly more prevalent among hospitalized beneficiaries than among non-hospitalized beneficiaries ( Table 2 ). Burden of comorbidity was associated with a significantly increased hazard of dying among both groups. Having 3-4 comorbidities was associated with a 22% higher hazard of dying among AHF hospitalized beneficiaries and a 49% higher hazard of dying among NHF non-hospitalized beneficiaries, compared to having ≤2 comorbidities (Table 3) .
Most comorbidities were associated with a significantly increased mortality risk among hospitalized beneficiaries (Table 4) . For example, among cardiac conditions, myocardial infarction was associated with a 52% higher hazard of dying. Among noncardiac conditions, CKD was associated with a 62% and dementia with a 50% higher hazard of dying. The majority of comorbidities were associated with a significantly higher relative risk of mortality among nonhospitalized beneficiaries as compared to hospitalized beneficiaries. However, there was no significant difference in the mortality risk associated with ischemic heart disease, diabetes, osteoporosis, or any of the cancers other than lung cancer, between the two groups. When adjusting for the presence of other conditions, the majority of comorbidities continued to confer a significant, albeit decreased, mortality risk among both groups of beneficiaries (Table 5) . Among hospitalized beneficiaries, CKD, COPD, and dementia conferred the highest mortality risk and were highly prevalent. Median survival was <1 year for hospitalized beneficiaries with CKD and dementia and <2 years for beneficiaries with other combinations of conditions (Fig. 1) . In contrast, median survival for hospitalized beneficiaries without any of the three comorbidities was as high as 4.8 years for beneficiaries aged 66-75 years.
DISCUSSION
In this study of Medicare beneficiaries with HF, we used a single HF hospitalization to identify beneficiaries at a high risk of mortality compared to non-hospitalized beneficiaries. Both cardiac and noncardiac comorbidities were significantly more prevalent among hospitalized beneficiaries than among non-hospitalized beneficiaries. While the relative mortality risk associated with comorbidity was even higher among non-hospitalized beneficiaries, both the overall burden of comorbidity and the majority of individual comorbidities were associated with increased mortality risk among hospitalized beneficiaries. The presence of CKD, dementia, myocardial infarction, and lung cancer each conferred≥50% increase in risk among hospitalized beneficiaries. Certain combinations of highly prevalent noncardiac comorbidities (e.g.: CKD and dementia) were associated with markedly reduced survival.
Our findings confirm the results of prior studies [13] [14] [15] [16] [17] that hospitalization for HF identifies patients at high mortality risk. Multiple factors may contribute both to hospitalization and mortality risk in addition to severity of HF, including, socioeconomic status, psychosocial support, and preferences for treatment. If these factors were completely independent of HF status, it might be expected that the relative effect of comorbidity would be similar among both groups of beneficiaries. However, the finding that the relative association between comorbidity and mortality was lower among hospitalized beneficiaries than non-hospitalized beneficiaries suggests that a more advanced stage of HF was driving mortality in this group. Nonetheless, comorbidity continued to contribute to mortality risk among hospitalized beneficiaries. Our findings support the conclusion that comorbidity continues to confer a significant risk of mortality among persons with advanced HF. This conclusion stands in contrast to the relationship between comorbidity and mortality among patients with cancer, whereby the mortality risk associated with comorbidity in the early stages of cancer drops markedly and becomes non-significant in the advanced stages [9] [10] [11] . Several mechanisms may be responsible for the persistent deleterious effects of comorbidities in advanced HF. Conditions that share pathophysiology or risk factors with HF may contribute to mortality by interacting with and exacerbating the course of HF 20 . Conditions unrelated to HF may confer a competing effect on mortality because of the variable trajectory of HF. Alternatively, there is growing evidence that conditions traditionally considered to be unrelated to HF, such as depression 21 and cognitive impairment 22 , may be pathophysiologically related to HF. Further examination of the effect of comorbidity on mortality in the advanced stages of these diseases, and the mechanisms by which comorbidity affects mortality, is warranted.
The finding that comorbidity confers a significant mortality risk among older adults hospitalized with HF Table 4 highlights the importance of using comorbidity information to guide treatment decision-making for this population. Patients in the advanced stages of HF are candidates for intensive interventions aimed at reducing HF mortality 3 . The increased mortality risk associated with comorbidity suggests that patients with particular comorbidities may derive only a limited survival benefit from such interventions. Although HF guidelines acknowledge the need to consider comorbidity in the treatment decision-making process for persons with advanced disease, little empiric evidence exists to help guide providers in using comorbidity information to inform decision-making. A recent study modeling the maximum benefit of implantable cardiac defibrillators (ICDs) found that CKD and dementia identified patients with particularly poor survival even when assuming all sudden cardiac deaths to be preventable by an ICD 23 . We extend these findings among a population-based cohort by identifying comorbidities that are highly prevalent, and when present in combination, contribute to markedly reduced survival among older adults with advanced HF. Future work examining if and how certain combinations of comorbidities might provide prognostically useful information to help guide care will be relevant.
Our analyses have several limitations. Because claims databases typically do not contain clinical information, we lacked data to characterize the severity and impact of comorbidity. While it is possible that beneficiaries with advanced HF also have more advanced comorbidities, an association between comorbidity severity and mortality would only strengthen our conclusion that comorbidity continues to confer a significant mortality risk in advanced HF. Although we were unable to measure psychosocial factors that may have influenced hospitalization, the finding that the relative mortality attributable to comorbidity was lower among hospitalized beneficiaries provides support that the stage of HF was driving mortality in this group rather than these unmeasured factors. Overall health status is not available through administrative data, and it is possible that comorbidity may have served as a proxy for better health. Specifically, we found that cataracts conferred a protective effect among both groups of beneficiaries; however, cataracts may have been coded when they were removed, and beneficiaries with better overall health may be more likely to be deemed suitable for cataract surgery. The use of administrative data for estimating the prevalence of conditions is at risk for underestimating the true burden of disease 24 . We believe that our use of the CCW, specifically designed to mitigate the risk of underestimation through the use of evidence-based algorithms to indicate the presence of a disease, facilitated the accurate reporting of disease prevalence in our sample. Because we defined conditions as present once the algorithm criteria were met we may have over-reported the prevalence of cataracts since cataracts can be cured. We were unable to distinguish between systolic and diastolic HF. As prior evidence indicates that some comorbidities confer greater mortality risk among patients with diastolic versus systolic HF 25 , our mortality estimates might be impacted by the proportions of patients in our study cohort who had either type of HF.
Our findings highlight the significant impact that comorbidity, particularly noncardiac disease, has on increasing mortality even among those who are hospitalized with HF and are at overall high mortality risk. To the extent that these patients represent individuals with advanced heart failure, these findings challenge the assumption that as HF progresses into advanced stages, it becomes the primary determinant of outcomes. A model of care that focuses primarily on managing HF may not be adequate for this population; instead, our findings support a shift towards an expanded care model that considers the impact of coexisting illnesses in increasing mortality, addressing quality of life, and determining appropriate treatment interventions, even among patients with advanced disease. Future research should examine the potential mechanisms by which comorbidity affects mortality in patients with HF -by contributing to the severity of HF or by providing a competing mortality risk -to help clinicians better target their care and treatment approach.
